INDEX ENTRY: The hemilabile ligand Nap(SPh)(PPh 2 ) undergoes more distortion on coordination to platinum than when coordinated to ruthenium. peri-atom displacement, splay angle magnitude, P···S interactions, aromatic ring orientations and geometry around the metal centre. Platinum adopts a strictly square planar geometry which increases the distortion of the naphthalene skeleton in 2-4. Conversely, the classical-piano stool conformation of 5 results in a pseudo octahedral conformation around the ruthenium atom which influences the naphthalene geometry to a much lesser extent with distortion of a similar magnitude to the free ligand 1.
Introduction
The theory of hemilability was introduced in the late 1970s 1 and since then there has been great interest in mixed ligands containing different donor atoms 2 and their uses associated with coordination chemistry and homogenous catalysis. The difference in electronic properties of the two donor atoms ensures they have distinctive interactions with the metal centre. One site offers a 'soft' donor atom which binds strongly to a 'soft' transition metal atom such as Rh(I), Pt(II) or Ru(II), whilst a 'hard' donor atom is less strongly bound and is thus coordinatively labile. The significance of hemilabile ligands in homogeneous catalysis lies in the susceptibility of the weak donor atom to dissociate from the metal, forming a free coordination site for the incoming substrate, and the increased stability of the catalyst precursor due to the chelating ability of these bidentate ligands. 3 The ever-increasing demand for novel catalytic systems has focused attention on preparing low-valent transition-metal complexes containing mixed bidentate ligands with a significant contrast between the properties of coordinating groups. 4 Ligands possessing one strong and one weak donor atom such as P,O-5 and P,N-donor 6 ligands have been extensively applied in catalysis and there is a growing interest with respect to potential applications of P,S-ligands. 7 Additionally, the electronic differences of the P and S donors of the chelate ligand might control reaction selectivities via operation of the trans effect. In this context, (8-phenylsulfanylnaphth-1-yl)diphenylphosphine 1 8, 9 is a suitable candidate because it is an asymmetric chelating ligand with substantial electronic and steric differences between the two donor atoms.
The work presented in this paper builds on our earlier studies of sterically crowded 1,8-disubstituted naphthalenes 8, 9, 10 and complements the work on copper(I) dimers previously undertaken. 9 Herein we report on the synthesis and structural study of a complete series of platinum(II) halide complexes of 1 (2) (3) (4) along with a ruthenium(II) p-cymene complex 5. 
Results and Discussion
Ligand 1 reacts with the well known precursors [PtX 2 (cod)] (cod = cyclooctadiene; X = Cl, Br, I) to afford a series of platinum(II) dihalide complexes, 2, 3 and 4 (Scheme 1). 11, 12 Following the displacement of the cyclooctadiene component, the square-planar platinum atom coordinates to two halogen atoms and to the bidentate ligand 1 via sulfur and phosphorus forming a six-membered ring 2-4 [Pt(X) 2 {Nap(PPh 2 )(SPh)}] (Nap = naphthalene-1,8-diyl; X = Cl, Br, I). All four complexes were characterised by multinuclear NMR and IR spectroscopy, mass spectrometry and microanalysis. 31 P NMR spectroscopy data is displayed in Table 1 .
Scheme 1
Reaction scheme for the preparation of the (8-phenylsulfanylnaphth-1-yl) 14 and are in the range for similar sulfur/phosphorus platinum dihalide complexes in the literature. 15 The decrease in the coupling constants from the dichloride complex to the diiodide species is fully consistent with the larger trans influence of iodine relative to chlorine. 21 The four aromatic hydrogen atoms of the p-cymene ligand appear as four sets of doublets at ca δ = 5.5-4.9 ppm instead of two doublets as in the starting complex and the two isopropyl methyls of the p-cymene appear as two doublets at δ = 0.93 and 0.69 ppm instead of one doublet. Central naphthalene ring torsion angles C: (6)- (5)- (10)- (1) 178.49 (16) 175.9(16) 170.8 (10) -178.2 (7) 176.9 (7) C: (4)- (5)- (10)- (9) -179.5(2) 176.9 (16) 174.7(10) -177.2 (7) 177.5 (7) Metal geometry -bond lengths
Metal geometry -bond angles (17) 90.61 (11) 90.56 (5) 80.22 (8) P (1) (18) 175.93 (8) 176.21 (4) 89.03(9) (17) 92.92 (8) 92.43(4) - (16) 86. 26(8) 87.42 (4) 89.61 (8) S (1) 
X-ray investigations
Single crystals were obtained for 2-5 by diffusion of pentane into saturated solutions of the individual compound in dichloromethane. The molecular structures were analysed; each complex crystallises with one molecule in the asymmetric unit. Selected interatomic distances, angles and torsion angles are listed in Table 2 . Further crystallographic information can be found in Table 4 and the Supporting Information.
Fig. 2 Crystal structures of the platinum halide complexes 2, 3 and 4 illustrating the centroid-centroid distance resulting in π-π stacking. The full numbering of the naphthalene ligand is illustrated in Figire 4
The molecular structures of 2-4 are shown in Figure 2 . The three monomeric chelated metal complexes have similar structures with a typical square planar metal environment. In each case, the unsymmetrical phosphino-sulfanyl ligand 1 acts as a bidentate ligand coordinating via the phosphorus(III) and the sulfur atom to form a six-membered chelate ring.
As a consequence of the geometry of the ligand, the halogen atoms in the three complexes arrange in a cis-orientation.
Square planar geometry around the central metal is consistent throughout the series with angles around the platinum atom varying only slightly from 90° (Table 2, Figure 3 ).
Fig. 3 The angles [°] and distances [Å] associated with the square planar geometry of the platinum metal in the dihalide complexes 2, 3 and 4.
The Pt-X(1) bond trans to P (1) is longer in all three species compared to the Pt-X(2) bond trans to S(1), which is consistent with the greater trans influence of phosphorus compared to sulfur. 18 As expected, Pt-X bonds lengthen with increasing size of the halogen atom and non-bonded intramolecular halogen-halogen distances increase to accommodate the larger atoms. The remaining non-bonded intramolecular distances around the platinum core also increase to maintain the square planar geometry (Figure 3 ). Pt-S and Pt-P bond distances are within the usual ranges. 15 7
The PtSPC 3 six-membered rings in 2-4 are hinged about the P···S vector and can be described as a twisted envelope type conformation; P(1), S(1), C(1), C(10) and C (9) are approximately coplanar with the platinum atom sitting in the perigap above this plane. The displacement of Pt (1) The square planar conformation of ligand atoms around the central platinum metal together with the increasing size of the halogen atoms dictates the geometry of the naphthalene scaffold and the peri-substituents in 2-4. This is contrary to the effects of copper coordination we observed in our previous paper. 9 As expected, the non-bonded intramolecular halogen-halogen distance lengthens when larger halogen atoms are present. To maintain the square planar geometry around platinum, the peri-atoms are forced further apart and non-covalent intramolecular P···S separations are elongated [2 3.182(6) 
The geometrical arrangement of the free ligand, [Nap(PPh 2 )(SPh)] 1, in the platinum(II) halides 2-4 can be described by the conformation and arrangement of the naphthyl and phenyl rings, relative to the C(ar)-P(1)-C(ar) and C(ar)-S(1)-C(R) planes. When θ and γ approach 90° the orientation is denoted axial and when the angles indicate a quasi-planar arrangement (close to 180°), they are termed equatorial (see Table 3 ). 24 When angle θ is axial, the respective P-C Ph /S-C Ph bond lies perpendicular to the naphthyl plane whilst an equatorial conformation aligns the bond on or close to the plane. Axial conformations of angle θ correspond to a type A structure and equatorial to type B. 24, 25 From previously reported nomenclature, 25 the structural arrangement ligand 1 adopts in complexes 2-4 can thus be described as type BA-A-c (c-cis orientation of phenyl groups with respect to the naphthyl plane). 
9
Like the platinum halides 2-4, 1 acts as a bidentate ligand coordinating via phosphorus(III) and sulfur forming a sixmembered chelate ring ( Figure 4) . A twisted envelope type conformation of the RuSPC 3 six-membered ring is displayed with a hinge about the P···S vector; P(1), S(1), C(1), C(10) and C (9) are approximately coplanar with the ruthenium atom sitting in the peri-gap but 1.39(1) Å above this plane and the Pt(1)-P(1)-S(1) plane is inclined by 51.2(4)º.
Fig. 5 Core in the crystal structure of complex 5 illustrating the geometry around the six-membered RuPSC 3 ring.
The ruthenium metal centre in 5 influences the molecular distortion of the naphthalene scaffold to a much lesser extent compared with the rigid square planar geometry in the platinum complexes. The degree of steric strain occurring in the naphthalene moiety in 5 is comparable to that of the free ligand 1. The non-bonded intramolecular peri-distance Torsion angles θ (Table 3) indicates the naphthalene unit in 5 displays an equatorial-axial-equatorial conformation with respect to the C(ar)-P(1)-C(ar) and C(ar)-S(1)-C(R) planes. This arrangement corresponds to a BA-B type arrangement. 24, 25 Only one phenyl ring lies perpendicular to the naphthalene plane so no overlap of axial centroids and therefore no π-π stacking is observed. Lattice Parameters a = 13.524 (6) 
Conclusion
The design and synthesis of novel phosphorus ligands is of great importance to chemists and is an area which has seen great development. The work presented in this paper describes the metal coordination of our previously reported ligand (8-phenylsulfanylnaphth-1-yl)diphenylphosphine 1 8, 9 and complements the preliminary work undertaken by us on a series of copper(I) dimers.
9
The unsymmetrical phosphino-sulfanyl ligand 1 has been shown to act as a bidentate ligand which can coordinate via both phosphorus(III) and the sulfur atom to form six-membered chelate rings. 9 Upon treatment with the known 11 precursors [PtX 2 (cod)] (X = Cl, Br, I), the naphthalene units of the complexes formed are forced into greater distortion to maintain the strictly square planar geometry required by the central platinum atom. Non-bonded peri-distances are noticeably longer and increase with the increasing size of the halogen atoms. Likewise there is an increase in the positive splay angles in the bay region in the platinum species and the peri-atoms are displaced to greater distances from the mean naphthalene plane. This is contrary to the effects of the tetrahedral environment of the copper atom when coordinated to 1 we observed in our previous paper, which showed no influence on the naphthalene structure. 9 Coordination of 1 with the precursor [Ru(η 6 -MeC 6 H 4 i Pr)Cl 2 ] 2 dimer afforded a classical-piano stool structure with a pseudo octahedral coordination of the ruthenium atom. The degree of steric strain operating in the naphthalene unit was observed to be of a similar magnitude to that occurring in the free ligand and the copper dimers previously reported,
with corresponding values for the displacement of peri-atoms within and out of the plane and consequently the noncovalent peri-distance.
Experimental Section
All experiments were carried out under an oxygen-and moisture-free nitrogen atmosphere using standard Schlenk techniques and glassware. Reagents were obtained from commercial sources and used as received. Dry solvents were collected from a MBraun solvent system. (8-phenylsulfanylnaphth-1-yl)diphenylphosphine 1 was prepared in house. 8, 9 Elemental analyses were performed by the University of St. Andrews School of Chemistry Microanalysis Service.
Infra-red spectra were recorded as KBr discs in the range 4000-300 cm -1 : 3430br, 3054s, 2919s, 1964w, 1577s, 1478s, 1434s, 1321s, 1258w, 1154s, 1096vs, 1204s, 994s, 941s, 885s, 830vs, 765vs, 736vs, 687vs, 584vs, 526vs, 505vs, 418vs, 330vs, 294s; δ H (270 MHz, CDCl 3 ) 8.31-8.26 (1 H, m, nap 5-H), 8.26-8.21 (2 H, m, nap 4,7-H), 7.70-7.64 (1 H, m, nap 6-H), 7.53-7.42 (3 H, m 3397br, 3053vs, 2961vs, 2272w, 1656vs, 1467s, 1436vs, 1387vs, 1319s, 1278w, 1198w, 1157w, 1113s, 1093s, 1055s, 1030s, 997w, 875s, 821w, 758s, 693vs, 560s, 519s, 498s, 448vs, 294s; δ H (270 MHz, CDCl 3 ) 8.03 (1 H, d, J 7.2 Hz, m, SPh 2, 7.83 (1 H, d, J 8.0 Hz, m, SPh 3, 2 x PPh 2 2-6-H), 7.35-7.16 (3 H, m, nap 2,3,6-H), 7.03 (1 H, d, J 6.9 Crystal structure analyses 13 (Rigaku) . 27 The structures were solved by direct methods 28 and expanded using Fourier techniques. 29 The non-hydrogen atoms were refined anisotropically. Hydrogen atoms were refined using the riding model. All calculations were performed using the CrystalStructure 30 and SHELXL-97. 31 Although several attempts were made the crystal quality for 2 was poor; the high residual peak cited is very close to the platinum centre. 
